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Abstract
 The twin island nation of Trinidad and 
Tobago is located in the actively deform-
ing Caribbean-South American (Ca-SA) 
plate boundary zone.  Geodetic GPS 
work over the past decade has accurately 
determined present-day Ca-SA relative 
plate motion.  This work (Weber et al., 
2001; Perez et al., 2001; Lopez et al., 
2006) clearly shows the Caribbean plate 
today moves approximately eastward 
relative to the South American plate at 
~20 mm/yr.  
 Earthquakes do not mark the active 
faults in Trinidad; however, a low-preci-
sion triangulation-to-GPS comparison at 
23 sites showed that significant strike-
slip faulting is probably occurring on 
the Central Range Fault (CRF) (Saleh 
et al., 2004).  The lack of recent seismic 
activity on the CRF might indicate that 
the fault is elastically locked.  Locked 
faults tend to store motion and then 
release it in infrequent big earthquakes, 
whereas creeping faults produce more 
continuous small earthquakes.  A future 
large earthquake is therefore possible 
in our study area.  Our research looks 
at Trinidad’s neotectonics using new 
GPS data from 19 high-stability sites 
that were built and measured in 2005, 
then measured again in 2007, and also 
includes data from a few sites that go 
back to 1994.  These new data allow us 
to refine previous results from the lower-
precision geodetic work.  We intend to 
better quantify the rate of slip across the 
CRF and its mechanical behavior.  We 
used campaign-style GPS field measure-
ments collected by coauthor Weber and 
associates at the University of the West 
Indies.  We compiled these data and 
processed them using GIPSY/OASIS II 
(Release 5.0) software at the University 
of Miami RSMAS Geodesy Lab.  We find 
that in a South American reference frame 
sites north of the CRF move at about 20 
(±1-5) mm/yr; sites south of the CRF 
are stationary (±1-8 mm/yr).  Tobago 
site velocities are slightly oblique to the 
overall Caribbean plate motion due to a 
major (magnitude 6.7) earthquake that 
had occurred off Tobago’s south coast in 
1997.  Our results support the hypoth-
eses that the CRF is an active strike-slip 
fault.  We find that sites in Tobago and 
northern Trinidad are on the Caribbean 
plate and move at a rate of about 20 mm/
yr eastward (relative to South America).  
Sites in southern Trinidad move slowly if 
at all relative to South America.  We are 
fitting locked fault (elastic dislocation 
half-space) models to these data; this 
will allow us to look more closely at the 
mechanical behavior of the CRF and to 
establish whether it is locked or creeping 
to help evaluate its seismic hazard.  This 
could be an important factor in deter-
mining the safety of citizens living in 
Trinidad and Tobago.
1. Introduction
 Neotectonics is the study of motions 
and deformations of the Earth’s crust 
taking place today.  This study looks at 
the neotectonics in the actively deform-
ing Trinidad and Tobago segment of 
the boundary between the Caribbean 
and South American plates (Figure 1).  
This region is geologically complex 
and consists of several accreted terranes 
and belts (Figure 2).  This accounts for 
the starkly different geology of the two 
islands that form this twin-island na-
tion.  A fold-thrust and strike-slip belt is 
exposed in central and southern Trinidad 
and formed when Ca-SA motion was 
likely obliquely convergent (59 to 12 
million years ago); then, nearly pure 
strike-slip transform faulting began about 
5-10 million years ago as the plates 
stopped converging and started sliding 
sideways past one another (Pindell et al., 
1998).  Rocks north of the fold-thrust 
and strike-slip belt found in the Northern 
Mountain Range make up the internal, or 
hinterland, part of the Caribbean-South 
American orogen.  Tobago’s oceanic-arc-
forearc lithosphere was wedged into the 
hinterland rocks during the early oblique 
plate convergence phase discussed 
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above.  The Tobago-South American continental boundary has 
been reactivated and inverted neotectonically and is now an 
active dextral-normal fault where sinking of dense, gravitation-
ally unstable Tobago oceanic arc-forearc lithosphere is occurring 
(Weber, 2005).
    
!Figure 1:  Present-day plate tectonic setting of study area.  The Caribbean plate 
(outlined in orange) moves at ~20 mm/yr eastward relative to the South American 
plate.  The Central Range Fault (CRF) in central Trinidad (in box region) is the 
active strike-slip fault we study here.  Modified from Weber (2005).
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Figure 2:  Foreland fold-thrust and strike-slip belt, hinterland belt, and Tobago 
terrane are ~east-west trending lithotectonic belts that were accreted prior to 5-10 
Ma during oblique Carribean-South American plate convergence.  Today the 
Ca-SA plate boundary is a sliding plate boundary.  The active strike-slip faults 
such as the El Pilar Fault in Venezuela and the Central Range Fault and Los Bajos 
Fault in Trinidad are also shown.  The Gulf of Paria pull-apart basin is also an ac-
tive structure.  The CMT and NEIC epicenter and focal depth of the 1997 Tobago 
earthquake are also plotted on the map.  Modified from Weber (2005).
 Recent GPS (Global Positioning System) studies have accu-
rately determined the relative plate motion between the Carib-
bean plate and South American plates; they move ~east-west, 
with a dextral motion at 20 mm/yr (Figure 1) (Weber et al., 2001; 
Perez et al., 2001; Lopez et al., 2006).  Limited GPS data and 
1901-1903 triangulation data showed that the CRF currently 
accommodates ~75% of the sliding plate motion by strike-slip 
faulting (Weber et al., 2001; Saleh et al., 2004).  Important 
features that support the hypothesis of an active strike-slip CRF 
in Trinidad are the dextrally displaced streams and paleoseismol-
ogy trenches which showed that the CRF cuts Holocene material 
(Weber, 2005).
 Historic and instrumentally recorded earthquakes are hetero-
geneously distributed in the Caribbean-South American plate 
boundary zone and do not define the location of active faults in 
Trinidad such as the CRF.  Such an absence of earthquakes is 
common for locked faults, which have the potential for produc-
ing large-magnitude earthquakes.  GPS, however, can be used to 
“see” strain accumulating across locked faults and can therefore 
help us better determine the seismic potential of the CRF.  In this 
study we use GPS to study active deformation in Trinidad and 
Tobago to test the recent claim that the Central Range Fault is a 
locked strike-slip fault storing motion at a rate of about 12 mm/yr 
(Weber et al., 2001; Saleh et al., 2004).  
2.  Methods
 Geodesy is the science of determining the size and shape 
of the whole Earth and small parts of it and how they change.  
Geodesy combines mathematics, physics, and computer sci-
ence (Figure 3). With the emergence of GPS, geodetic scientists 
are now routinely able to measure the motion of points on the 
Earth’s surface and study near-fault crustal deformation and 
earthquake processes to a ~millimeter per year precision.  GPS 
has revolutionized the study of crustal deformation in broad, 
complex continental plate boundary zones, like the Ca-SA plate 
boundary zone, and has led to precise measurement of relative 
plate motion at convergent and other plate boundaries where 
global plate motion models had previously provided poor con-
straints (e.g., Norabuena et al., 1998). 
 GPS is a satellite-based radio-navigation system made up 
of over 24 transmitters put into orbit at an altitude of about 
20,000 km in six orbital planes with 12-hour periods by the 
U.S. Department of Defense.  Simultaneous observation of 
four or more GPS satellites is possible in virtually all parts 
of the globe.  GPS uses these “manmade stars” as refer-
ence points to calculate the motion of ground positions to 
millimeter-per-year precision.  This study uses GPS data 
to study motions and neotectonics in Trinidad and Tobago.  
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!Figure 3:  Geodesy makes use of mathematics, 
physics, and computer science.  It branches out into 
other disciplinary fields and is an important tool in 
the geological and planetary sciences.  (gge.unb.ca)
2.1 Detailed Methods
 We use field GPS data collected over 
the past decade (since 1994) in Trinidad 
and Tobago.  GPS data were collected 
in 1994, 1998, 1999, 2000, 2002, 2005, 
and 2007, and were then compiled and 
processed in March 2008 using GIPSY/
OASIS II Release 5.0 software at the 
University of Miami RSMAS Geodesy 
Lab.  We will eventually use elastic 
dislocation models (Savage and Burford, 
1973) to study the distribution of shear 
strain and strike-slip displacement on 
the surface and at depth to determine 
whether the CRF is a creeping or locked 
fault.
2.1.1. Field Campaigns
A network of historic (1901) British Ord-
nance Survey concrete pillar monuments 
in Trinidad were used in GPS campaigns 
in 1994, 1998, 1999, 2000, and 2002 
(Figure 4, Table 1).  Additional geodetic 
monuments (sites) were then constructed 
and measured in 2005 and 
measured again in 2007 (Figure 4, Table 
1).  The new GPS monuments (sites) 
contain a steel pin that is approximately 
6 inches long and 9/16 inches in diameter 
and is permanently inserted into a drilled 
hole in the large concrete structures or 
bedrock and secured with HY150 epoxy.  
The top of the rod, which contains a 
divot that is the exact reference point for 
that monument, is flush to the surface 
of the bedrock or concrete structure into 
which it is mounted. This type of monu-
mentation, if done properly, is intended 
to reduce noise in the GPS data due to 
non-tectonic monument movement.
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Table 1:  Monument (site) locations and GPS occupation history.  Some of the 1994 monuments were not remeasured 
during later campaigns.  Some of the 1994 monuments were renamed and remeasured after the 1994 campaign.  There 
are also 12 new monuments that were constructed in 2005 and measured in 2005 and 2007.  *BOS stands for British 
Ordnance Survey 1901-1903 triangulation benchmarks. 
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Figure 4: Geographic Information System (GIS) map of GPS sites measured during GVSU GPS field campaigns in 
Trinidad from 1994 to 2007.  The approximate location of the CRF is also shown.  
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2.1.2.  Data Compilation
 Our first step in the UM-RSMAS 
Geodesy Lab was to compile all of the 
data we had available for the 25 sites.  
We present velocities for sites with more 
than one epoch of data and sufficient 
antenna information that we could do the 
GPS processing (Table 2).
Table 2:  Site location (Latitude/Longitude) for all 
sites with more than 1 data epoch, at least 2 days 
of data, a minimum of 6 hours of data per day, and 
sufficient antenna height information.  These are 
the sites for which we derive velocities.
2.1.3.  Data Processing
 Initially GPS data for a total of 25 
sites in Trinidad and Tobago collected 
from 1994 through 2007 were processed 
using the GIPSY/OASIS II Release 5.0 
software from NASA’s Jet Propulsion 
Laboratory (JPL) (Zumberge et al., 1997) 
at the University of Miami Geodesy Lab 
(UMGL) following methods similar to 
those laid out in Dixon et al. (1997) and 
Sella et al. (2002).  GIPSY/OASIS II 
uses the point positioning technique to 
find the three-dimensional position of 
the monument (Dixon, 1991).  Satellite 
orbit and clock positions provided by 
JPL were used.  Ambiguity resolution 
was applied (Blewitt et al., 1989).  The 
resulting velocities were first defined in 
the International Terrestrial Reference 
Frame IGSb00 (Ray et al., 2004).  A 
formal procedure was used to derive site 
velocities with respect to South America. 
These velocities were then compared 
to previous results (Weber et al., 2001; 
Saleh et al., 2004).  The flow chart below 
(Table 3) summarizes data processing 
steps.
Table 3:  A simplified flow chart showing the GPS 
data processing steps we followed at the University 
of Miami RSMAS Geodesy Lab using GIPSY/
OASIS II (Release 5.0).  Data processing was com-
pleted by remote access via University of Miami’s 
Olympus server. 
Summary of GIPSY/OASIS (GOA) II 
Data Processing
• Raw data from receivers
• Converted to RINEX format files
• TEQC RINEX files
• Generating Sta_Info files
• Creation of ocean loading files
• Run GOA II and process *.stacov (sta- 
 tion covariance) and *.gd (geodetic)  
 files (w-w/o ambiguity resolution)
• Apply reference frame transformation  
 parameters (IGSb00)
• Creation of *.GD & *.GD.ps files (→  
 site velocities)
• Calculating Velocity Errors
• Transform IGSb00 → South American  
 reference frame
• Creating and Interpreting Velocity 
 Profile (Map) across CRF from site  
 velocities
2.1.4. Elastic Dislocation Modeling
 After determining velocities for the 
Trinidad and Tobago sites, we will look 
closely at the motions near the CRF and 
predict the distribution of shear strain 
and strike-slip displacement on the sur-
face and at depth.  In order to determine 
whether the CRF is a locked or creep-
ing fault, we will use elastic dislocation 
models (Savage and Burford, 1973) that 
build the physics of elastic strike-slip 
locking using the following equation:  
[Vnear = Vfar * arctan (D/ d),] where Vnear 
is the predicted velocity at the CRF (GPS 
processed data), Vfar is the overall plate 
motion (Caribbean-South American plate 
motion ~20 mm/yr), D is the locking 
depth (usually 10-15 km), and d is dis-
tance from the fault.  Using such models, 
we can determine whether the slip on 
the fault occurs only at depths greater 
than D (locked fault) or is approximately 
uniform with depth (creeping fault).
3.  Results
 We completed a first pass through the 
data processing and present preliminary 
results here.  First, we got plots show-
ing the change in latitude, longitude, and 
height for each site (in IGSb00).  For 
example, Figure 5 shows the velocity 
for site MAYO which is a site south of 
the Central Range Fault, which has a 
data span of 2.000 years; it was mea-
sured twice, in 2005 and 2007.  Next, 
motions like this were referenced to the 
South American plate to get velocities of 
geologic relevance using vector subtrac-
tion (Table 4) (Sella et al., 2002).  After 
re-referencing the sites, we created a ve-
locity map for all but 3 sites that yielded 
unreasonable velocities due to antenna 
height issues we still need to resolve.  
Our preliminary velocity map (Figure 
6) shows velocity vectors in a South 
American reference frame for each of 16 
sites together with formal uncertainties 
(shown as ellipses).  
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Table 4:  Site location, east velocity (Ve), east 
velocity error (σe), north velocity (Vn), north ve-
locity error (σn) for 16 data sites.  All velocities are 
shown in mm/yr relative to stable South America.
!
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Figure 5:  MAYO.GD.ps postscript file created using GMT and GISPY/OASIS II Release 5.0.  Preliminary velocity 
plots for MAYO site showing change in Height, Longitude, and Latitude (all in mm/yr) over specified time span in the 
IGSb00 reference frame. 
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Figure 6:  Preliminary velocity map showing ~20 mm/yr eastward motion of sites north of the Central Range Fault 
(CRF) and slowly moving or stationary sites south of CRF, in South America plate reference frame.  Tobago sites 
CAMB and FTMD are oblique to Caribbean plate motion due to a magnitude 6.7 earthquake that occurred near the 
south coast of Tobago in 1997. 
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4.  Discussion & Conclusion
 Sites north of the CRF move at about 
20 ±1-5 mm/yr.  Sites south of the CRF 
move much slower at 0 ±1-8 mm/yr.  
Tobago velocities are slightly oblique to 
the overall Caribbean plate motion due 
to a major earthquake that had occurred 
off the south coast of Tobago in 1997; 
the two Tobago site velocities captured 
this dextral-normal event (Weber, 2005).  
Our new results support the hypotheses 
that the Central Range Fault is an active 
strike-slip fault and is the current Ca-SA 
transform plate boundary (Weber et 
al., 2001; Saleh et al., 2004).  Sites in 
northern Trinidad are on the Caribbean 
plate and move at a rate of about 20 mm/
yr eastward relative to South America.  
Sites in southern Trinidad move slowly if 
at all relative to South America.
 There is a need to do more geodetic re-
search in Trinidad and Tobago.  We plan 
a possible 2009 GPS campaign to better 
determine site velocities and lower site 
velocity uncertainties.  These data should 
allow us to establish whether the CRF is 
locked or creeping to better determine its 
seismic potential by lowering the uncer-
tainty of our results.  We will learn more 
about the mechanical behavior of the 
CRF by incorporating the elastic disloca-
tion model (Savage and Burford, 1973) 
to the new site velocities that we find.  
This work is important in determining 
the safety of citizens living in Trinidad 
and Tobago.
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